The first synthesis of azo bearing coumarins from azo aldehydes and malononitrile in the presence of an efficient catalyst, trichlorotriazine under ultrasound irradiation in high yield and short reaction time is reported. In the other study, the first electrophilic substitution under ultrasound irradiation for the synthesis of azo bearing coumarins was developed. All of synthesized compounds were characterized by FTIR, NMR and elemental analysis.
INTRODUCTION
Coumarins are well known natural products for their diverse biological activity such as photosensitizes 1 
EXPERIMENTAL

Materials and measurements
Melting points were measured on an Electrothermal 9100 apparatus. IR spectra were determined on a Shimadzo IR-470 spectrometer.
1 H NMR spectra were recorded on a 500 MHz Bruker DRX-500 and 13 C NMR spectra were recorded on a 250 MHz Bruker DRX-500 in DMSO-d 6 as solvent. Chemicals were purchased from Merck and Fluka. Elemental analyses were done on a Carlo-Erba EA1110CNNO-S analyser and agreed with the calculated values. All solvents used were dried and distilled according to standard procedures.
General Procedure for the synthesis of azo conjugated coumarins 3 in pathway a under ultrasound irradiation
A mixture of azo aldehyde 1 (1 mmol), malononitrile (1 mmol) and TCT (0.3mmol) in 5mL H 2 O were placed into Pyrex-glass open vessel and irradiated in a water bath under silent condition by ultrasound (45kHz) at 60°C for the required reaction times (5-9 min). The progress of the reaction was monitored by TLC (EtOAc: petroleum ether 1:2). After completion of the reaction, as indicated by TLC, the reaction mixture was filtered to separate the catalyst and the organic compound was recrystallized by EtOH to produce azo coumarin derivatives 3a-j as pure crystalline products.
General Procedure for the synthesis of azo conjugated coumarins 3 in pathway b under ultrasound irradiation A mixture of various aniline 4 (1 mmol), NaNO 2 (1 mmol) and HCl (1mL) were placed into Pyrex-glass open vessel and irradiated in a water bath under silent condition by ultrasound (45 kHz) at room temperature for the required reaction times (5 min). The progress of the reaction was monitored by TLC (EtOAc: petroleum ether 1:2). Then the reaction mixture was added in situ dropwise to synthesized compound 7, and the reaction was irradiated for the required reaction time (7-15 min) to produce compound 3a-j. Then the reaction mixture was cooled to room temperature, and the product was filtered without further purification. 
2-oxo-6-(phenyldiazenyl)-2H-chromene-4-carbonitrile
RESULTS AND DISCUSSION
In continuation of our studies on the synthesis of pharmaceutical and heterocyclic compound [21] [22] [23] , herein, we wish to report our preliminary efforts for the synthesis of new azo containing coumarin moiety from synthesized aldehydes and malononitrile using TCT under (i) reflux condition and (ii) ultrasound irradiation and in electrophilic substitution reaction (Scheme 1).
Scheme1. Aqueous synthesis of coumarins using TCT.
Recently organic reactions in water without use of harmful organic solvent have drawn much more attention, because water is a cheap, safe and environmentally benign solvent. So, we prefer to use water as a green solvent in this reaction. Initially, we carried out the reaction of 2-hydroxy-5-(phenyldiazenyl)benzaldehyde (1a) and malononitrile (2) in the presence of various amount of TCT at reflux condition. The results are summarized in Table 1 . Based on the results above, the reaction condition was optimized to improve the yield and reaction time by changing the amount of catalyst. As shown in table 1, when the reaction was performed in the absence of catalyst, 57% yield of product was observed in 4 hours (entry 1, Table 1 ). However, when 0.3mmol of TCT was used, the yield was improved significantly (entry 3, table 1). The reaction took much longer reaction time to give 3a when 0.1mmol of TCT was involved as catalyst. Higher amount of catalyst did not further improve the yield of 3a (entry4, Table 1 ).
To investigate the scope of this synthesis, different synthesized aldehydes were reacted with malononitrile in the presence of 0.3mmol of TCT at reflux condition and the results were listed in Table 2 . The reaction preceded smoothly giving 71-81% yield with various synthesized aldehydes bearing different substituent. Moreover, azo linked aldehydes containing electron withdrawing group provided better yields and times than those with electron donating groups.
Ultrasound irradiation has been increasingly used in organic synthesis in last three decades. Comparing with traditional methods, this method is more conveniently and easily controlled. In the course of our investigation to develop a green and effective procedure to reach higher yield, shorter reaction time and milder reaction condition, we concentrated to synthesize product 3a-j under ultrasound irradiation. The results were summarized in Table 2 . The higher yield and less reaction time during ultrasonic irradiation in the presence of the catalyst can be attributed to implosive collapse of the cavitations period of the sound waves. When the formed bubbles burst, it results in high temperature and high pressure which facilitate the intermolecular reaction. This is more useful when the solid act as a catalyst.
The possible mechanism for the synthesis of 3a in the presence of TCT as a promoter is shown in Scheme 2. On the basis of this mechanism, TCT catalyzes the Pechman reaction by the activation of the aldehyde, making the carbonyl group susceptible to nucleophilic attack by malononitrile by conversion to HCl in situ. The intramolecular treatment of OH to nitrile group and hydrolysis of intermediate 7 lead to product 3a. C NMR and elemental analysis)
All of the products were fully characterized by spectroscopic methods (IR and 1 H NMR, 13 C NMR and elemental analysis). All of the products 3 exhibited a singlet in their 1 H NMR spectra at δ = 8.39 -8.40 ppm for deshield H β in coumarin ring and also a distinguishing peak at δ = 167 ppm for C=O in their 13 C NMR spectra. In IR spectra revealed C-O, N=N, CN and C=O peak at 1178-1182, 1566, 2225-2237 and 1731-1739 cm -1 .
In the final research, we were interested to synthesize compound 3 via electrophilic substitution. In this procedure, initially, the reaction between aldehyde and malononitrile was carried out, followed by drop-wise addition of diazonium salt to synthesized coumarins under ultrasound irradiation. Various derivatives of product 3 were synthesized in this pathway. The results are summarized in table 2. It was interesting that the reaction time and yield in this new pathway for the synthesis of azo containing coumarins were interesting as the former pathway. On the other hand, this reaction in this new pathway can be done at room temperature under ultrasound irradiation without any undesirable by product.
